SUMMARY Pulmonary megakaryocytes were quantitated in a series of 30 consecutive hospital necropsies using a two stage immunoperoxidase stain for factor VIII related antigen. In all 30 cases they were found with a mean density of 14 65 megakaryocytes/cm2 in lung sections of 5 gm in thickness. The maximum concentration of intrapulmonary megakaryocytes was consistently found to be in the central zone of the right upper lobe. Less than 22% of the observed cells possessed abundant cytoplasm, the rest appearing as effete, naked, and seminaked nuclei. The mean megakaryocyte count was found to be increased in association with both respiratory pathology (positive smoking history and impaired lung function) and cardiovascular disease states-shock; thromboembolism; myocardial infarction; and severe atheroma in the abdominal aorta, the coronary circulation, and the circle of Willis. Pulmonary megakaryocytes probably embolise from bone marrow. This may reflect stimulated thrombopoiesis, caused by increased platelet consumption in association with atherosclerotic disease, but it cannot be taken to confirm that the lung is the principal site of platelet production.
The megakaryocyte is now firmly established as the source of all platelets, but the exact site and mechanisms of platelet production and release remain in doubt.1 It is widely accepted that nascent platelets are delineated within the megakaryocyte cytoplasm by a demarcation membrane system2 which forms by invagination of the plasmalemma.3 This provides the lines of cleavage and will ultimately form the platelet plasma membrane. The actual release of platelets into the circulation is explained by the "pseudopodial theory"4'8 which proposes that a megakaryocyte produces about six elongated cytoplasmic pseudoptdia, each with a core of platelet organelles. These pro-platelets penetrate the vascular sinusoids via the transendothelial route and, after being pinched off into the bloodstream, eventually fragment to yield about 1000 platelets. Recently, however, it was suggested that all platelet production occurs in the pulmonary microvasculature by the physical fragmentation of megakaryocyte emboli9 10 and considerable evidence supports this theory: 1 The migration of intact megakaryocytes across the marrow-blood barrier has been confirmed by both static ultrastructural9 l and dynamic microcinematographic studies. 1 2 Accepted for publication 9 April 1986 2 Intact megakaryocytes are now known to be normal constituents of blood. 13 3 Intrapulmonary megakaryocytes are a consistent finding at necropsy,14 especially in disease states15
and, despite early conflict of opinion," " vascular rearrangement experiments have proved that they do not arise de novo but are brought to the lungs by the venous blood.18 4 The lungs serve as a filter for circulating megakaryocytes because there is a reduction in both the number and size of megakaryocytes as blood flows through the pulmonary microcirculation.9 -24 5 Platelet production in the lungs is indicated by higher platelet counts in central arterial blood than in central venous blood. 16 22 23 The above evidence indicates that pulmonary megakaryocytes are emboli from the marrow, which, due to their large size, are retained and fragmented in the intrapulmonary capillaries to yield platelets. This study aimed to explore these possibilities by investigating the incidence, concentration, distribution, and morphology of pulmonary megakaryocytes in a series of hospital necropsies and relating the findings to respiratory and atherothrombotic disorders.
Material and methods
A block of tissue 1-2 cm2 x 0-5 cm was collected from the centre and periphery of each of the four main lung lobes during 30 consecutive unselected hospital post mortem examinations at the Leicester Royal Infirmary. Care was taken to avoid areas with large airways or obvious evidence of disease. After Sharma, Talbot overnight fixation in 5% formol/acetic acid (5% glacial acetic acid in 4% neutral phosphate buffered formaldehyde solution) the tissue was paraffin processed and cut into 5 gm sections. These were then stained for factor VIII related antigen, using an indirect immunoperoxidase technique, as described by Crocker and Smith.3" Factor VIII related antigen is found on the platelet membrane,32 some of it being adsorbed on to receptors from the plasma but a high proportion being an integral part of the platelet membrane and originating from the demarcation membrane system. 33 The area of each section was determined by planimetry using a Kontron Videoplan with graphic tablet before screening for megakaryocytes with a Leitz SMLux microscope, using the x 40 objective; all suspect cells were examined under oil immersion, using the x 100 objective. Megakaryocytes were categorised into three types: intact nuclei; seminaked nuclei; and naked nuclei (fig 1) . A fourth category, the "possible", or "?" megakaryocyte, was also used to include cells satisfying some but not all the criteria needed for the above three forms. megakaryocytes were occasionally seen in the extra-CARDIOVASCULAR SYSTEM vascular spaces. These could be either true mega-Shock Shock was diagnosed from a clinical descripkaryocytes or large alveolar macrophages and so were tion of pallor, sweating, tachycardia, and hypoincluded in the "?" category. After attending the tension (100/70 mm Hg being taken as an arbitrary necropsy and studying the clinical case notes three lower limit for the normal blood pressure) at some sets of clinicopathological data were recorded. stage during the week before death. Thromboembolism The presence or absence of RESPIRATORY SYSTEM thromboembolic disease was determined solely from The subjects were divided into smokers and non-the necropsy findings. smokers, and pulmonary performance was classified Myocardial infarction Infarcts found at necropsy as normal or impaired according to the clinical his-were described as being small (less than 1 cm2), tory, physical signs, and lung function tests (if per-medium (1-3 cm2), or large (greater than 3 cm2 or formed). transmural). explained their low pulmonary megakaryocyte counts by their use of more stringent criteria to define a megakaryocyte. In this respect our investigation more reliably indicates the intrapulmonary megakaryocyte density, because it not only uses an immunocytochemical stain to assist in identification, but it also clearly defines the morphological criteria needed to identify a megakaryocyte.
The distribution of megakaryocytes is not uniform, and there is an appreciably greater concentration of cells in the right lung than in the left. This contrasts with the results of previous work,4' and there is no obvious explanation. It could be a simple "pooling effect"; perhaps right handed subjects are more likely to lie on their right side. The right lung may receive a disproportionately greater share of the cardiac output, or, because of the phenomenon of "plasma skimming", the left pulmonary artery, which arises as an group.bmj.com on July 9, 2017 -Published by http://jcp.bmj.com/ Downloaded from offshoot from the main trunk, may receive only dilute plasma. Unknown local factors may make megakaryocyte filtration more effective or fragmentation less efficient in the right lung, or both.
The upper lobes have a consistently greater megakaryocyte count than the lower lobes, thus supporting the conclusions of Bendix-Hansen et al,4' who explained this in terms of bed rest changing the pulmonary blood flow. Our observations also showed that pneumonic consolidation was mostly confined to the lower lobes while emphysematous changes were almost exclusive to the upper lobes.
Emphysema may either cause an actual increase in intrapulmonary megakaryocytes or simply facilitate their identification; the converse is true for pneumonia. These two factors may be interrelated as severe basal congestion tends to divert blood to the upper lobes.
Consistent with the findings of previous work,41 the central zones have a greater megakaryocyte count than the lung periphery. Again, differential blood flow is a likely explanation, although the greater degree of expansion and contraction undergone by peripheral lung tissue may also be important factors.
PULMONARY MEGAKARYOCYTES AND RESPIRATORY AND CARDIOVASCULAR PATHOLOGY
The common coexistence of pulmonary and atherothombotic disorders is well known42 43 and cigarette smoking has been implicated in both chronic bronchitis and coronary artery disease. The causal factors in these disorders often coexist-cigarette smokers are more likely to consume a high fat diet-these being established risk factors in respiratory and cardiovascular pathology, respectively. When Friedman et at44 failed to account for their observed association between diminished vital capacity and clinical coronary artery disease in terms of these accepted explanations, they suggested the existence of "some other connection between pulmonary function and the state of the coronary arteries or myocardium."
There are three such possibilities: firstly, chronic respiratory disease may cause hypoxia which increases aortic cholesterol accumulation, probably due to ischaemic endothelial injury45; secondly, lung disease may impair intrapulmonary production of prostacyclin production, thereby disturbing the normal arterial homeostasis between prostacyclin and thromboxane A2 and thus predisposing to atherothrombosis4b; thirdly, if pulmonary megakaryocytes are the principal source of platelets then disturbance of the lung and megakaryocyte interaction (due to a change in either the pulmonary vessels and their biochemical environment or in the megakaryocyte size and protein structure) may result Sharma, Talbot in dysthrombopoiesis27 and thus predispose to both respiratory and cardiovascular disease.28 -30 Our results indicate an increased pulmonary megakaryocyte count in association with both respiratory disease and cardiovascular disease, especially shock and thromboembolism (both findings agree with those of previous reports15 35 37) , myocardial infarction, and severe atheroma.
There are two explanations for these observations. Firstly, the number of pulmonary megakaryocytes may be increased in association with respiratory disease, with resulting secondary atherothrombotic complications. It has already been shown that the efficiency of the pulmonary vascular filter can be affected by lung diseases such as bronchitis and bronchopneumonia.47 Impaired megakaryocyte fragmentation in certain respiratory disorders may yield larger fragments than usual-some of these may be retained in the lungs and appear as naked or seminaked nuclei, while others will escape into the peripheral circulation. As large platelets may be more reactive,48 50 this would predispose to secondary atherothrombosis. Supporting evidence comes from reports of an increased mean platelet volume in relation to both chronic hypoxia30 and myocardial infarction. 5l -54 Interestingly, only 22% of the megakaryocytes that we observed in the lungs possessed copious cytoplasm, thereby suggesting that most are either released from the marrow as effete naked and seminaked nuclei, or that intact cells emobolising to the lungs are rapidly fragmented in the pulmonary capillaries. This explanation seems unlikely, however, as the relative proportion of naked and seminaked megakaryocyte nuclei in patients with severe atheroma was not increased. A more likely association is that the number of pulmonary megakaryocytes is increased in association with atherosclerotic disease because of enhanced thrombopoiesis due to increased platelet consumption-either as a result of a genetically or environmentally acquired tendency, or both, to increased platelet-vessel wall interaction, or as a result of increased platelet adherence to ulcerated atheroma. Respiratory complications may subsequently develop as a direct consequence of the increased presence and fragmentation of megakaryocytes in the lungs, a feature already implicated in asthma,55 56 pulmonary hypertension, 57 the shock lung36 and the adult respiratory distress syndrome.39
The higher pulmonary megakaryocyte counts found in men are consistent with a higher incidence of pulmonary and cardiovascular disease also found in men. The failure to show a correlation between the megakaryocyte counts before and after death, although consistent with that of previous reports,35 36 is not consistent with the hypothesis that the lungs are the principal site of thrombopoiesis. The pulmonary megakaryocyte content may be disturbed by the circulatory changes associated with death, a view supported by the fact that there is a direct relation between the circulating platelet count in life and the pulmonary megakaryocyte density; the introduction of thrombocytopenia in experimental animals increases both circulating and intrapulmonary megakaryocytes.4058 Previous reports indicate that the pulmonary megakaryocyte density is affected by both haemorrhage" and hypoxia. 30 Our findings in relation to shock agree with this. There was no relation, however, between the megakaryocyte numbers in the lung and the haemoglobin concentration.
In contrast to the findings of previous work,35 we found no appreciable increase in the pulmonary megakaryocyte count in association with fever, infection, or neoplasia, though leucocytosis did have a positive effect. Similarly, despite increasing atheromatous disease with advancing age there was no demonstrable increase in the pulmonary megakaryocyte count. This, however, probably reflects age clustering, as most of the subjects were of late middle age (mean age = 59 2 years, (SD 22 33)). Our findings suggest that, although the lungs may not be the major site of platelet production, it would be wise not to neglect the role of pulmonary megakaryocytes in thrombopoiesis, particularly in relation to cardiovascular and pulmonary diseases.
